This paper presents the analysis of potential thermal cracking of light feedstocks in the SMR. Two different feedstocks, natural gas and light hydrocarbon (HC) feedstock at two different mixed feed inlet temperatures, are selected to study the HC thermal cracking. Effect of Crossover Piping Volume on feed thermal cracking is also discussed.
Introduction
H 2 can be produced from a variety of HC's, ranging from natural gas (methane) to petroleum-based gases and liquids. In our previous paper (Part I), we had quantitatively discussed thermal cracking of Liquefied Natural Gas (LNG), C 4 stream and naphtha feed stocks in the CPV of reformer [1] [2] .
Parameters that affect thermal cracking are HC feed composition and component structure, mixed feed (HC + Steam) reformer inlet temperature and pressure, Steam/C mole ratio and mixed feed residence time in the CPV, etc. [3] .
Natural gas is an important feed stock for SMR, however it is not a commodity with uniform composition and it includes N 2 , CO 2 , CH 4 and non-methane HC's.
The objective of this study is to explore the parameters which will affect the undesired cracking of reformer feed stocks in the Mixed Feed Preheater (MFPH) coil and in the CPV. The parameters being considered are the mixed feed inlet temperature to the reformer and the residence time of mixed feed in the CPV. Also in this paper we introduce the concept of Temperature Index (TI) to indicate the thermal cracking potential of HC's.
HC feed is mixed with process steam and this stream is called mixed feed. The mixed feed is preheated in the MFPH Coil located in the convection section, and the preheated mixed feed is sent to the catalyst tubes through crossover piping (Figure 1 ). This paper analyses potential of thermal cracking in the MFPH Coil and crossover piping from MFPH coil outlet to the inlet of SMR.
Basis of Analysis
2) MFPH Coil MFPH Coil geometry and tube material are listed below ( Table 1 ) which are used in the simulation for all cases.
3) Feed Composition Case 1 feed (Natural Gas) has N 2 , CO 2 , CH 4 and non-methane hydrocarbons as shown in Table 2 . The feed inlet temperature to the reformer is relative low.
Case 2 is a light feed which is treated in the pre-reformer. It has more H 2 and CO 2 , CH 4 and no C 2 + hydrocarbons as shown in Table 3 . The feed inlet temperature to the reformer can be relative high. 
Design Tool-SPYRO ® Program
The SMR feedstock cracking kinetics has been simulated using SPYRO ® program which is widely used by the industry for prediction of hydrocarbon cracking. SPYRO ® is a unique program for prediction of cracking furnace effluent yields as well as overall performance of the furnace. SPYRO ® is the only program which is based on the rigorous fundamental mathematical equations representing reaction kinetics of almost all chemical, thermo-chemical reactions in the pyrolysis furnace. SPYRO ® is now used by more than 85% of the ethylene producing industry worldwide. The latest program version and kinetic model SPYRO ® -7 covers all hydrocarbon species from C2 to C42 and more than 7000 reactions. This version also allows better flexibility in establishing the furnace and heat recovery flowsheet.
Fundamentals of Thermal Cracking
For the sake of completeness, we are recapping the fundamentals of thermal cracking from paper Part I (1) in this section [4] . 1) Bond Energy Bond energy is a measure of bond strength in a chemical bond. The larger the bond energy, the stronger the bond and hence the higher temperature required to break it. The bond energy is essentially the average enthalpy change for a gas reaction to break all the similar bonds. For the methane molecule, CH 3 -H, 104 kcal is required to break the first single C-H bond for a mole of methane, but breaking all four C-H bonds for a mole of methane requires 397 kcal. Thus, the average bond energy is (397/4) 99 (not 104) kcal/mol.
2) Bond Length Distance between centers of bounded atoms is called bond length. There is a general trend in that the shorter the bond length, the higher the bond energy. Some typical bond lengths and bond energies are given below to illustrate a general trend ( Table 6 and Table 7 ). 
Simulation Results

1) Effect of feed composition and mixed feed inlet temperature on the thermal cracking and MFPH coil material selection.
Data in Table 9 shows there is no thermal cracking for Case 2 feed because methane is stable and there are no non-methane hydrocarbons, such as ethane, propane, etc in the feed.
However, Reverse Water-Gas Shift (RWGS) reaction,
CO H CO H O, + → + which is an endothermic reaction, can be involved in both MFPH coil and crossover piping volume as shown in Table 9 . Table 10 and Table 11 list the maximum tubewall temperature profiles for Cases 1 and 2, respectively. 2) Effect of crossover piping volume on cracking The effect of SMR crossover piping volume on the mixed feed thermal cracking is shown in Figure 2 . Case 1 feed is used for the study. For constant mixed feed flowrate, the residence time of mixed feed in the crossover piping is decided by the crossover piping volume, which depends on the crossover piping dimension and the distance from convection section outlet (Point A in Figure 1 ) to the reformer inlet location (Point B in Figure 1) . Table 12 shows that the larger CPV will have the longer residence time and hence the more light olefins (C 2 H 4 + C 3 H 6 ) formed in CPV. Therefore, it is better to keep the CPV as small as possible to avoid higher light olefins entering into the reformer.
The mixed feed temperature at the reformer inlet is equal to the MFPH feed outlet temperature minus the mixed feed temperature drop in the crossover piping volume.
Conclusions
1) There is not only thermal cracking but also chemical reaction in the MFPH coil and crossover piping volume which is an adiabatic zone.
2) There is a slight thermal cracking and chemical reactions in both MFPH coil and crossover volume for Case 1 and Temperature Index (TI) is 0.2˚C.
3) There is no thermal cracking for Case 2 feed because of non-methane hydrocarbons in the feed. However, Reverse Water-Gas Shift (RWGS) reaction, which is an endothermic reaction, can be involved in both MFPH coil and crossover volume. Hydrogen reacts with carbon dioxide to form carbon monoxide and water vapor and TI is 0.4˚C. 4) Larger Crossover Piping Volume results in a higher temperature reduction in the adiabatic zone and therefore, more light olefins to the reformer and easy to form coke in reformer tubes. 5) Maximum tubewall temperature profiles for MFPH coil are useful to select the correct tube material.
